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Executive Summary

Th~ imminence of a new set of television broadcasting standards presents a rare opportunity to
make a quantum advance in spt"ctrum efficiency, image quality, and interoperability. Actually
achieving this highly desirable set of potential improvements requires the exclusive use of
pwgressive-scan (P) formats for transmission. Not only are interlaced formats (1) deficient in these
characteristics, their use will inhibit any migration to progressive scan, which is agreed by all
palties to be the final objective. The use of interlaced transmission will effectively eliminate the
po:;sibility for the system to be improved over time in a manner that does not make unusable much
of the first-d'~ployed equipment, f specially receivers in the hands of the public.

Th ~ scientific evidence for this \ ,ew has been available for some time, as detailed in my Informal
Reply Comments to the Fourth NPRM, submitted to the Commission on 8 March 1996. In that
submission, [ showed that no adv mtage, economic or otherwise, is gainedfrom the use ofinterlace
by any stakeholder in the televi!oon industry. There did remain the problem that no satisfactory
HIlTY came:ra had yet been devdoped for progressive scan. However, the Polaroid Corporation
ha~, now introduced a very high-quality HDTV camera that uses the 720x1280x60 fps Grand
All iance progressive standard. Based on the ATTC!ATEL test results, it is the author's opinion that
the progressive-scan systems w( ,uld have won the competition had the Polaroid camera been
av"ilable for the testing. This de\ elopment has disposed of the last possible argument for including
as archaic a technique as interla( e in the coming standards The Commission is urged to include
omy progressive formats in the 11( w standardsfor both HDTV (high definition) and SDTV (standard
de}/nition). To avoid the development of a serious reverse-compatibility problem that would
prevent further improvements 0] the system over time, the Commission is also urged either to
re~ uire that a/l over-the-air trm.·'inlissions be of the highest possible resolution permitted by the
~ta 'ldards, or to require interlacel "receivers to incorporate vertical low-pass filters.
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Intro<l uction

Interlace was onginally used to raise:he large-area flicker rate for a given number of lines per second and
lines ~er frame over what it would have been with progressive scan. The process can as well be thought
of as attempting to double the vertical resolution at a given large-area flicker rate with a given number of
lines ~er second. In this attempt, it mostly fails except at very low brightness. At normal brightness, the
resolu'ion improvement is only abovt 10% (See the 1967 Brown paper in the Appendix.) while, at the
same time, serious artifacts are introduced -- interline flicker in detailed image areas and aliasing effects
around vertically moving sharp edge~

When interlace was first introduced. its artifacts were not very noticeable because of the generally low
resolUlion of TV equipment and because existing quality standards were not very high. Even today, most
TV cameras, both tube-type and CC: )-type, have such low vertical resolution (about half the number of
lines ~er frame) that interline flickel is hardly noticeable. This is particularly true of interlaced HDTV
camer;lS, whose resolution, relative t", 1125 lines, appears to be substantially lower than the resolution of
good NTSC cameras, relative to 525 ines.

Where the video data has full vertica I resolution, such as in applications in the computer industry and in
air-tra:Iic control, interlace has beeT' abandoned. Close viewing of fine detail on interlaced displays is
IOtolerable after a short time. Interlace also complicates transcoding, so that, even after 30 years' effort,
NTSC·PAL conversion is still far fr'lm perfect. For such reasons, virtually everyone concerned agrees
that interlaced scan is inferior and Hat the US digital standard should eventually migrate to progressive
scan. [he main reason usually given for using interlace at first are:

I I1terlace doubles the vertical reolution for a given bandwidth and frame rate.

2. I'rogressiv,~ scan, in analog or !.oded digital form, requires more bandwidth or channel capacity
than interlace: for the same resolut on -- another way to put the same idea.

3. [1terlaced '~quipment, particulally receivers, are cheaper

4. No one knows how to make pro?fessive scan HDTV cameras with adequate sensitivity.

5. \.1any programs that will be used with standard-definition (SDTV) transmission exist 10

IOte rlaced form.

As we shall see in what follows, all of these arguments are incorrect. There are no valid reasons for
using Interlace in DTV, and there art many good reasonsfor using progressive transmission only.
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The ATTC/ATEL Test Results

Tape~ of the output of the five proposed systems for each of 9 still images and 15 sequences, made by
ATTC, were used in subjective testing of overall perceived quality conducted by the Advanced Television
Evaluation Laboratory (ATEL) in the Canadian Dept. of Communication. Fig. 1 shows the final result of
the fii·st stage of the subjective-testirlg program, held in 1991-92. For all but two of the test images (SI4
and MI6), an 1125-line, 30-f/s interlaced camera was used, the input video for the two progressive-scan
systems being derived from the inh~rlaced video in a scan converter. One still image and one image
sequence were computer-generated. The rating was in terms of subjective units relative to the uncoded
I I25-line originals. S14 and M16 were computer-generated.

It is evident from these results tha1 all systems suffered some loss in quality relative to the 1125-line
interlaced input The apparent superiority of the progressive systems for the computer-generated motion
sequence was later accounted for b~ an error in generation of the interlaced sequence: the odd and even
fields were interchanged, depressin~, the quality of the reference signal as well as the outputs of the
interlaced systems.

Fig. 2 shows the results of the second test, held in 1994-95, in which only the Grand Alliance nop and
10801 formats 1.vere tested. The computer-generated scenes, now called SI4A and MI6A, were redone.
In the second test, the overall qualit was higher and there was no systematic difference between the two
form2 ts. The dynamic vertical resol ution of the P system was slightly higher than that of the I system, in
spite ;)f having only no scan lines as compared with 1080 scan lines. (The horizontal resolution was
some'yhatless, as expected.)

One point that seems to have been lost in the testing process was that the progressive material scan­
converted from the interlaced video In all likelihood had much less than no lines vertical resolution, so
that a portion (If the capabilities of the progressive coding system actually went to waste. I have never
seen~ven the :;lightest interline fli~ker on an 1125-line display, whereas some such flicker is usually
present in the output of a high-qua ity NTSC camera. The actual vertical resolution of the 1125-line
cameras IS probably less than 600 liles. It is my opinion that, if the Polaroid camera had been available
at the time of te:sting, the progressivl format would have had higher overall quality on account of superior
vertical resolution and may well h,:ve won the competition. If special scenes had been included that
showed interlace artifacts, I think thtcre is little doubt that this would have been the case. In any event, the
1080 interlaced format, in spite of laving more than twice as many picture elements per frame, did not
have llgher perceived overall qualit

Technical Background

In a s {stem in which camera, transrrlission channel, and display all have the same interlaced scan format,
interl ne flicker (at 30 Hz in NTSC) will be seen in all areas of the image where detail can be seen. This
is because adjacent scan lines (nece~,sarily in successive fields) are not identical. Note that the scan lines
do net have to be resolved either b' the eye or by the CRT for this flicker to be seen. As long as the
horizontal extent of the detail on adj lcent lines
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FIGURE 1: ATV BASIC RECEIVED QUALITY DIFFERENCE SCORES
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is visible and different, interline flie ker occurs at the frame rate. For example, a picture with alternate
white and black lines -- unusual, b Jt a legitimate NTSC image -- would flicker at 30 Hz even when
viewed from across the room.

This :Jhenomenon is not very troublesome in today's system because interlaced cameras, using either
tubes or CCDs, integrate over one field time, and not one frame time, thus reducing the vertical resolution
by half and making adjacent lines nore similar. This "defect" is essential to make the display at all
acceptable. Shifting to integration LIver a frame time rather than a field time would restore the vertical
resolltion, but would introduce ott,er serious defects, such as serrated vertical edges on horizontally
moving objects. Upconversion to a Jrogressive display at the receiver can remove some problems, but is
very expensive. The argument for nterlace, if there is one, is to make the receivers cheaper, not more
expensive

If the'e is no ir;terline flicker on an interlaced display, the system is behaving much more like a system
with I,rogressiv,~ scan with double th~ frame rate and with half the number oflines per frame. (This point
is made in the ACATS Final Report ) This is the case in most sports use, which is why motion rendition
tn NTSC is so much better than in 2 l-fps film. The TV frame rate is, in effect, 60 fps rather than 30 fps,
and tt e frame-rate ratio compared to film is 2.5:1 rather than I 25'1 Up-conversion at the receiver in this
case i ; pointles~;.

Anott er problem is that interlace gJ eatly complicates transcoding. All TV signals have a great deal of
tempe,ral aliasing because the frame rate is not high enough relative to the amount of motion. Even for
quite ordinary fast action, hundre& of frames/sec would be needed to get alias-free imagery. In the
presence of temporal aliasing, interkce makes transcoding very difficult because the successive fields are
displaced in bolh space and time.

The Polaroid Camera

Polaroid has fer some time been a developer and manufacturer of CCD chips for consumer cameras.
ARPJ, has for some time been (oncerned with meeting military requirements for high-resolution
nonflickering i:nagery from domes ic sources. This is the background for the project to develop a
progn:ssive-scan chip and complete:amera for HDTV, which was sponsored in part by ARPA. (ARPA is
spons Jring two other projects of a si· nilar nature.)

Since Polaroid is not a manufacture c of commercial TV cameras, they cooperated with BTS (Broadcast
Television Systems, owned in large part by Philips) in a program to use the new 720x1280 progressive
chip n the eXlsting LDK 9000 ca,nera, which normally operates in the European 1250-line, 50-fps
interlaced format. While extensive.;hanges were required to use the new chip, these were, for the most
part, ~. traightforward engineering de' elopments.

The cevelopme,nt and specification of the camera are described in a paper in the Appendix. For the
purposes of our argument, it suffice; to say that the camera has high resolution together with sensitivity
not less than that of the LDK 9000 )perating in the interlaced mode. The new camera is fully adequate
for th ~ most demanding HDTV applications. Its output, naturally, is free of all interlace artifacts. Since
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it is b lsed on an existing fully engineered camera with a successful record of application, it is ready for
everyday use when HDTV broadcast ng starts.

Operational Considerations

In NTSC, no tnmscoding is required. since the programs are produced, broadcast, received, and displayed
all in the same format. In DTV, erich program will be MPEG-coded and transmitted as a digital data
stream modulated onto a carrier. In the receiver, the decoding and reconstruction requires frame
memcries. By writing into a frame memory in one standard and reading in another, transcoding can be
accomplished, so that the display fomat is not necessarily the same as the production and transmission
format. Normally, however, the sca n format of the reconstructed signal will be the same as that of the
signal into the encoder.

When transmitting a multiplicity of )tandard-definition programs in one channel, a scheme now used in
satellite broadcasting and very likey to be used in cable, coding can be done either before or after
multiplexing into one signal for tran,mission. If progressive transmission is mandated, then any existing
mterkced mate:~ial, such as archival NTSC, must be upconverted to progressive scan before coding. The
cost cf the needed I-to-P converter is much higher than the P-to-I converter used in the receiver, but
would be entirely negligible compared to the cost of installing the equipment needed for digital
transmissIOn. In some cases, conver,ion to progressive scan would be helpful to the compression process
Tn no case does interlace increase f Ie compressibility of standard-definition video. (See my letter of 8
June t:J Mr. Hundt in the Appendix. )

fhere is no substantial archive of HI lTV video material in interlaced format. Film libraries would supply
a con~;iderable portion of the HDT\ broadcasts. The film would be scanned in progressive format at a
cost no higher than scanning in intelaced format. Live shows would use a progressive camera such as
Polawid's. so no conversion would hwe to be done.

[nterlHced receivers would have to h, lve P-to-I converters if progressive transmission were used. This is a
simpl(~ process in which half the lim s are discarded, the remaining lines being doubled in duration. The
mcrenental cost of these converters would be very small, because the MPEG decoder must have one or
more frame memories. These mem ories could readily be used for a simple converter, with almost no
mcrease in cost of the receiver. Tlese receivers would also need vertical low-pass filters to prevent
mterli ne flicker. Again, the addition tI cost of such filters would be very small considering the powerful
proce~ising engine that the decoder requires. The conclusion is that there is no significant economic
penaliy to anyone from the exclusive use ofprogressive transmission in DTV. Ifthis is the case, and if the
~yslem is to migrate to progressive s,an at a later date, as agreed by all parties, then the use ofinterlace,
?Vefl ('I the beginning ofbroadcastin :, has noJustification whatsoever.

[f only progressive transmissions I lith full vertical resolution are permitted, then the difference in
performance between interlaced and progressive receivers will be quite evident at the point of sale, and
we can safely rely on the market to make its judgment. On the other hand, if interlaced transmission is
permi :ted, then interlaced receiver~ that are perfectly adequate for displaying early interlaced DTV
progmm material -- either HDTV OJ multiplexed NTSC -- will flicker unacceptably at a later time when
displaying material converted in the receiver from full-definition DTV broadcasts. (Receivers that lack
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P-to-J converters will be entirely uni..isable with such broadcasts.) Since the defects will not be apparent
when the receivers are purchased,he market cannot be relied upon to ensure that the public will be
prote'~ted. Om: way to deal with this is to require that appropriate technology be used in the receivers
(just as all receivers are required 10 operate with UHF broadcasts), or , at the very least, to require
labelling that indicates the problem Alternatively, broadcasting parameters can be mandated so that the
markl:t will ensure that appropriate l~ceiver technology is used.

A poi nt that should be mentioned is hat nearly 3 million set-top boxes are now in use for receiving digital
satell te broadcasts. These broadcac,ts, at present, are all comprised of multiple NTSC signals that have
been multiplex,~d and coded. Most of the boxes (such as Digicipher 2) are MPEG-compliant, but none
can h:mdle 1080 interlaced broadcasts, not to mention the 1080 progressive format to which the terrestrial
system is supposed to migrate. These boxes would also not be capable of dealing with standard-definition
progrl~ssive bmadcasts. This situat ion has arisen because of the Commission's decision to permit the
techn :cal standards for satellite tram mission to be unregulated except for interference issues.

An argument can be made that the ~ommission should allow interlace for standard-definition signals so
these boxes can be used. I suggest that taking these boxes into consideration in setting the DTV broadcast
standard would be a mistake. It wlluld be tantamount, not only to giving up progressive scan, which I
belie"e to be superior, but to givinglp HDTV, of which existing boxes are incapable. This is contrary to
the C )mmission's earlier decision tr at improving the technical quality of TV reception was in the public
interest.

Some lessons may be learned from r IStOry. At the time of the 1953 NTSC color decision, the existence of
less tllan 10 million monochrome r~ceivers was used as a reason to select a receiver-compatible color
system. (We now have nearly 200 Tlillion receivers.) Not only did this greatly reduce the resolution and
produce the well-known artifacts of composite color, it also greatly reduced the motivation to buy color
recei,ers. NTSC color very nearly fliled, as it took 10 years to reach the 1% penetration point. Note that
the p.~rceived difference between monochrome and color is much larger than the difference between
analo~ and dig-ital pictures or between standard definition and high definition. If we expect people to
rush (Iut and buy digital receivers, w: must provide attractive programming that they cannot get with their
existilg sets, together with the highest possible technical quality .. If we fail to do this, then it will become
politically impossible to tum off Nl SC and to achieve the very much higher spectrum efficiency that is
proml sed by th(: new systems.

The Literatur(~

The technical conclusions presented in these Comments are not secrets held by a few. They are
conclIsions of papers from reputable laboratories that have been available to workers in the field for
some time. In the Appendix, we inc ude the following references:

1. ETBrown, "Low-Resolution TV Subjective Comparison of Interlaced and Noninterlaced Pictures,"
Bell ~ystem Tel;;h. 1.,46,1, ]967, pr ]99-232.

In thi; early paper, Brown showed, by a very careful series of experiments, that the increase in vertical
resohtion obtained by changing fro n progressive scan to interlace, keeping the same line-scanning rate
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and hmdwidth, depends on the luminance of the display, and is only about 10% (rather than 100%) at
brightn.ess and resolution typical ofplodem television practice,

2. E. Petajan, "A Video Compression Efficiency Analysis using Progressive and Interlaced Scanning,"
AT&~' Bell Laboratories, presented it the NIST Conference, Georgetown University, 1994, and at NAB
1994,

For a variety of scenes, Petajan sho'vs that the picture quality using progressive scanning is equal to or
better than the picture quality usin~ interlace, when coded to the same digital data rate. The analog
progn:ssive video has twice the bandwidth of the analog interlaced video, so the compression ratio for
progr(:ssive is twice that for interlace while the progressive output is entirely devoid of interlace artifacts.

3. S,Pigeon and P. Guillotel, "Ad/antages and Drawbacks of Interlaced and Progressive Scanning
Form~.ts," EU Report R21101WP2/D'SIRI004/b1 commenting on the Scanning Formats Recommendation
for Pr)ject Rac(~ in Jan. 1994

The althors conclude that, while it 'vould be uneconomic to change PAL to a progressive format, on the
occaSJon of moving to digital transnission, only "minor costs compared to the overall budget" would be
entaili~d by using progressive scan. t is also concluded that the "progressive format may be coded using
the same bit rate as interlaced at sane or improved picture quality." They also propose modifying the
MPEG2 MP@~1L format to permit t sing 50-Hz progressive scan.

4. M, Muratori (RAI), M. Stroppian~ (RAI), and Y Nishida (NHK), "Progressive and Interlaced Formats:
Comparison and Coding Efficiency" (Similar to a paper by the same authors presented at the 1993
[EICE Spring Conference.)

fhe 1: uthors conclude that if typicll interlaced and progressive sequences are vertically low-passed
filtered to obtam the same static V( rtical resolution, the progressive sequence having twice the analog
band\'/idth of the interlaced sequenc·~, that the same digital data rate may be used with either. They also
claim 3 dB lower coding noise for .he progressive pictures, but do not deal with the possibility that a
progressive camera may be noisier than an interlaced camera (This report was written before the
announcement of the Polaroid carnell.)

S, "Further Results on the Comp<!lrison of Coding Efficiency Between Progressive and Interlaced
FormLts," Doc. TG CMTTI2-SRG-0~8 submitted to the CCIR Study Group TG CMTT/2 Jan. 1993.

Conti ms the results of an earlier repiJrt (SRG-068) to the effect that interlaced and progressive sequences
of eqt al static vertical resolution car' be coded to the same digital data rate.

The (onclusion from these paper~ is that interlace does not improve the compressibility of video
orogr!lms. Progressive transmission with its inherently higher quality, requires no higher coded bit rate.

6. S.M.Spitzer et aI, "Design and Implementation of a 3-CCD, State of the Art. 750-line HDTV
Progn:ssive Scan Broadcast Camera.. NAB 1996
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This paper gives technical details of the design of the Polaroid progressive-scan camera.

7. Letter from the author to Mr. Hundt on 8 June 1996 relative to the effect of the IJP format on
compressibility when a number of st mdard-definition programs are multiplexed into one 6-MHz channel.

8. Le :ter from the author to Mr. Jfundt on 9 May 1996 relative to the significance of the Polaroid
Progrl ~SSIve-scan camera.

The rcc Deci~don

The I'ederal Communications Commission was originally established at the urgent request of the radio
broadcasting industry to bring ordel out of chaos by establishing rules for radiating signals and issuing
licemes in a fair and open mannt r. As technology advanced, a main aspect of the Commission's
respolsibilities, in addition to granting licenses to broadcasters and avoiding interference, became
protecting the public interest in an environment of rapidly increasing spectrum use. At no time has
anyore ever advanced the theory that the government, representing the people, does not have the right
(even if it chooses not to exercise th:lt right in every case) to prescribe who can use the spectrum and with
what :echnological parameters.

Technology ha~; brought us to the br: nk of a new chapter in television broadcasting. It now appears to be
techncally feasible to greatly increase the amount of television service -- i.e., the number of different
progrlms of a given technical qualiy available to each viewer -- per unit allocated bandwidth. (I have
dubbt.:d this ratio "spectrum efficiency.") This new service is to be introduced in stages, which will
culminate in turning off NTSC I) years after digital broadcasting begins. The Commission has
repea :edly called for the new system to be capable of nondisruptive improvement over time.

To p'otect the public interest durng this momentous change, the Commission should ensure that
recehers purchased by viewers for the initial broadcasts will remain usable as the system evolves. In
addition, there is little doubt that th,~ public will expect less expensive receivers to be available for less
derna lding applications, such as thf small set often found in the kitchen. Likewise, it would be highly
desir"ble to be able to use existing NTSC receivers after NTSC broadcasting ceases (Indeed, this is likely
to be a political necessity.) Unfonunately, the Grand Alliance standard does not particularly cater to
these last two desiderata, but the~ngineers may be able to come to the rescue, particularly as the
mone :ary rewards for solving these rroblems will be considerable.

The ,esponsibihty for the continutd usability of the early receivers is entirely in the hands of the
CommissIOn. Historically, receiver regulation has never been popular, although the All-Channel Receiver
Law, which made UHF broadcasting practical, has been very successful. If the Commission prefers to
leave receiver characteristics entire}" to the market, then it must regulate the broadcasting format in such
a wa~' that any receiver that works acceptably with the early broadcasts will continue to work as the
system is upgraded This does not mean that every DTV receiver must be an HDTV receiver or use
progrl~ssive scan, but it does mean that every receiver must be able to display a usable image when it
recei\es a progressive transmission neither HDTV or SDTV. This can only be done ifall transmissions
are r:quired. from the outset of )TV broadcasting, to be In progressive format with full vertical
resolution. Of course, the standard; for the transmitted signal must be sufficiently detailed so that the
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functioning of receivers capable of decoding the first transmissions will continue to be so capable as
modiJications are made in the encod!~r, such as improved motion estimation.

With respect to the preference of cinematographers for a 2: 1 aspect ratio, this is much too wide for much
material that is used today. Aspect ratios wider than 16:9 can be accommodated by the letterbox method.
Although not much used in the US, t has been widely used in Europe for widescreen films transmitted in
4:3 PAL, when:: as much as 25% of the screen height may be left blank. Only 11% of the height of the
screell is lost when 2:1 programs are transmitted in a 16:9 system

The preference for 72 or 75 fps rather than 60 fps by computer interests is much harder to satisfy.
UpcolVersion at the receiver is poSSible but expensive. It would have been easier if my early suggestion
had b~en followed that 24 fps be used for all subject matter, relying on upconversion to produce 48 fps or
72 fp; at the receiver. (We actually got suprisingly good results with only 12 fps using sophisticated
motion-compensated interpolation.) The success of Imedia Corporation in using this format for getting
very high compression ratios when rnultiplexing many NTSC programs into one channel is an indication
of what might have been possible However, at this point, I think it is too late to make such a
fundamental change in the proposed standard. This is another case where computer interests would have
been .veIl advised to spend enough 1110ney to develop a system that would be good for everyone.

**** ,,*******************

One may well ask why, if these considerations seem obvious to the author, that so many persons and
entitit~S in the Industry favor interlace. My view is that, just as war is too important to be left to the
genenls, televIsion is too important to be left to TV industry executives. In TV, it is evidently possible
for nearly everyone to be wrong at the same time. No better example can be given than the near-universal
opmion in the industry, at the outse of the current Inquiry, that HDTV must be compatible with NTSC,
and that it would require more than) MHz. Likewise, digital transmission was widely considered a pipe
dream, and contrary opinions on all these points were ridiculed. A strenuous attempt was made to foist
MUSE: off on the American scene. 'I MUSE came in last m the ATTC competition.) It is this background
that the Commission is urged to f· eep in mind when evaluating the arguments that are now being
presented
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Cone .usions

It is ~ vident that all of the principa arguments made in favor of allowing the use of interlace in early
DTV broadcasttng, as discussed in tYe Introduction, are faulty.

1. EVI:n in analog TV, interlace does not double the vertical resolution for a given bandwidth. Because of
the interline fh::ker that increases ~ ith resolution, it is possible to raise the resolution at most by about
10%. Interlace artifacts are introduc~d, and picture quality goes down.

2. When coding is used, progressi, e scan does not require more channel capacity. Studies at Bell
LabOJatories, RAJ, NHK, and in France indicate that the higher correlation found in progressive
sequences pemlits a doubling of thl compression ratio so that the same coded data rate is required for
either Of cour;e, the use of progres live scan eliminates the artifacts of interlace.

3. Interlaced receivers, which are ikely to be somewhat cheaper than progressive receivers, at least
initially, can still be used with pro~..ressive transmissions, although the displayed quality will be lower.
The (ost of the P-to-I converter in the receivers is so small as to be of no consequence. The I-to-P
conv~ rter needed at the encoder wt en progressive transmission is used with interlaced source material
does cost something, but that co' t is negligible compared with the cost of converting to digital
transHlission.

4. The Polaroid development sho\\; that, contrary to the predictions of the interlace enthusiasts, it is
indee j possibl~: to make a progress ve-scan HDTV camera with excellent performance, including high
sensitivity.

5. Th::: conversion of existing NTS< program material into progressive form for multiplex transmission
invollles negligible cost as complred with the other costs of digital transmission. Progressive
transmission from film, which will t e very important to HDTV, involves no extra costs at all.

We conclude that, if a camera as l.;ood as the Polaroid camera had been available at the time of the
ATTC/ATEL tests, and if subject matter had been used that exhibited strong interlace artifacts, the
progr,~ssive systems would have WOl the competition. We further conclude that there are now no valid
reaSOlS for using interlaced transmi~ sion in DTV

The L se of progressive transmission IS not primarily for the benefit of the computer industry; it is equally
essen tial for high-quality televislJn reception and to allow nondisruptive improvement of the
broadcasting ~ystem over time, a long-standing Commission objective. Permitting interlaced
transmission, on the other hand, wil create a reverse-compatibility problem that will inhibit the eventual
migr2tion to a progressive format that everyone involved advocates. Finally, there is no cost penalty to
any TV stakeholder, including viewl rs, in the exclusive use of progressive transmission.

Shou d the Commission accept this recommendation, the market can be relied up to ensure that cheaper
interllced receivers will remain weable as the system is upgraded, without any receiver regulation,
provi jed that full vertical resolution is mandated in DTV broadcasting.

FCC~'6I.WPS -11- 9:54 AM6/13/96
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frames per second. The picture lIIformation IS processed in real-time
in a digital format. A digital memory IS employed with sufficient
capacity to stOl"e one complde frame of vid('o information encodcd
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second. Means are provided to introduce into the mcmory whole new
pictures or selected pic! lire l'lclllents at any interval which is a
multiple of the frHlTIC raIl'. 'I'll(' information inserted into the memory
is decoded and dispiayed on a IlIoniLor Ill, a mLe uf GO pi"turu'i ji(;j'

second in OI'der to avoid flickcr.
A number of frame rcpeating and rcplcnishmcnt systems have been

demonstrated in real time using this equipmcnt, however the system
is in no way limited to tholSc applications which have been discussed.
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Low-n.esonUIOl1 1 V: ;:,ubJecuve
Comparison of Interlaced aud

NOUilltcrlaced Pictures

By EAUL F. BROWN

(Manlltleript. received Sept.ember 19, 1966)

A subjective colltparisou oj line-interlaced televisiOlt pictures and non­
interlaced television pictures has shown that the line-inferlac-itlg oj low­
resolutiun televisiun pictures pruvides a bandwidtlt saving oj cunsiderably
less than 2:1 whe" the li"e structure uj the picture is vibible.

A :ttne-tnlerlacea lelevllnul~ plcture was sub}ectwety compared w1.lh
several noninterlaced televisiun pict-ures in an effurt to determine their
subjective equivalency in terms uj bandwidth. Several other variables-noise,
spot-wobble, line-width to line-pitch ratio, different models, illumination
and luminance-were alsu employed in the experiments. The televised
pictures consisted uj a head-and-shoulder view of a model pantomiming
a two-way cunversatiun.

The results indicate that the line-interlacing of low-resolution television
pictures provides abuut a 37 percent saving in terms uf bandwidth at a
relatively low value oj high-light luminance of 40 fL (140 cd/m2

) and
as little as a 6 percent savings at a high-light luminance oj 100 jL
(340 cd/m2

). When tlte line-width to line-pitch ratio is set at its preferred
value for all pictures, a signijicant difference is obtained when the high­
light luminance is decreased jrom 60 jL (200 cd/m2

) to 40 fL (140 cd/m2
).

The effects uf Gaussian noise, spot-wobble, illuminatiun, and different
types uj models did not alter tlte subjective equivalence uf line-interlaced
and lwninterlaced televisiun pictures signijicantly. 'I'lte addition of noise
to a spot-wobbled picture was found to be more detrimental to the quality
oj the noninterlaced pictures than to the line-interlaced picture.

I. INTUODUCTION

The lower limiL of Lhe picture repeLiLion raLe for television pictures
is Jietateu by Lhe eritielll-fusion frequency (CFF).'·2 The CFF is
approximaLely proportional to Lhe logarithm of the luminance over
ll. wide range. It is also approximaLely pwportional to the logarithm
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a.'l physical line-pairing, i.e., when l\djacent lines are physically super­
imposed on each other by the defiection circuitry. Subjective line-pairin~

OCI:urS when either the televised image or the observer's visual eenkr
of att,cntion [noyes ill a dirvcLiull uUJci' thf"iI pr".u.H0I tG t.h[: ~C:1~:::::g

lines. This defed also oeeurs when the observer blink.'! his eyc.e; 01'

cfTeetivcly strobes the pieture. Subjective line-pairing is most evident
when the motion is parallel to the vertical scan direction and at it

rate equal to the field rate.
The question arises, "Do the degrading effects associated with inter­

line flicker nullify the advant.age of being able to present twiee a8 much
IIlformation in each pieturc when the line sturcture is visible"? Accord
"'wlv IhrN' "nhlpdivn nYf'nrimp"t" Wi'fl' ('onflllded in an attempt to
answer this quc.'!tion.

The experiment.s were conduded on low-resolution television picturef'.
In the first experiment, a 22!">-line interlaced pieturc was compared
with four noninterlaced pictures ranging fmm a 225-line picture to a
13!">-line picture in steps with ratios of ....12. Additional variables a1

two values enoh-noise, illumination, spot-wobble, and pidure material­
were also introdueed. Two type:,; of observers, skilled and Ilonskilled,
were used.

The 8e(~(lIId experinH'nL wa.'i I'cl'fornwd ;/l uHlcr 10 determine til{
cfTects of a chan~e in luminance on the subjective relationship between
lhc jll/'erllll'ed pidllre lUlll t.he lIoninterlaccd pictures. Five nonintcr
laced pictures were compared '.vit.h the 225-lilic interlaced rid'll"
starting with a lS9-line pieturc fmd deereas:ng in steps with ratios
of V'2 to a 135-line picture. The subjective relationship between the
noninterlaced pictures was also invc.e;tigated.

For the third experiment, the preferred line-width to line-pitch ratio
WM determined in a sepamte experiment. In this experiment, the linc­
width to line-pitch ratio was set at the preferred value for each picturf'.
The 22!J-line interlaced pietufC was compared with [) noninterlaeed
pictures startillg at a 22!J-line picture and deereasing to a 147-line
picture in steps with ratios of 0. Two levels of luminance werl'
int roduced !I.e; a second variahle.

The bandwidth in each of the above c!I.'>es was adjusted such thnt.
the vertical to horizontal resolution ratio W!l.'! approximately 1: 1. 6

A-D testing techniques were used. Each A-D pair consisted of the inter­
lacen pict.llre and one of the noninterlaced pictures except for that
portion of the second experiment where the nonin!erlaced pid-ures
were compared against each other.

r
I
I,
I
t
l'i rp <>;('n 'H)pd.j. ;r,
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during alternate half-cycles of the fmme rate which is 30 Hz. The
result is essentially two light pulses for eaeh fmme period, i.e., an
apparent rate of 60 light pulses per second. Thus, large-area flieker
is negligible if present at all.

When all of the lines except one of a line-interlaced television raster
are masked that line appears stationary fUHi nOllflickel'ing. When all
of the lines except two of a line-interlaced television raster are masked
thc two lines appenr to jump buck and forth as if ill motioll. When the
m!\.'lking is removed the whole mster appears to shimmer. When II

pleture is reproduced on the raster the shimnwrinj!; is confined to small
isolated areas of roughly cqun.l brightness. The shimmering effect ill
these areas is most pronounced at brightness boundaries. This phe­
nomena of apparent-motion is due to the out of phase relationship
between adjacent lines of the raster and appears to be affected by the
same Jaws as flicker. These apparent-motion defects arc called interline
Hickel' by the television industry.

Engstrom3 found that interline flicker was visible at the same distance
at which the line structure becomes visible. His conclusion was that
the observer must be seated at a distnnce equal to or greater than that
distance at which the line structure becomes resolvable.

Line crawling is another subjective defect nssociated with line-inter­
laced pictures. This stroboscopic defect takes the form of an apparent
crawling of the lines either up or down depending on which direction
the eye tends to track. Line cr!l.wling is related to the perceptibility
of interline flicker and becomes increasingly perceptible with incre!\.'ling
picture brightness and angle subtended by the eye of adjacent line

centers.
A third defect inherent to line interlaced pictures is subjective line-

200

of the size of the flickering area. The CFF is ontheorder-o!t)u pic~lin:",

per second for present day television luminances and pid-me sizes.
The television engineers of the 1930's experimented with two-fold

!::~C i:lterb~ed pid.llfes as a means of saving bandwidth. In two-fold
lille-interlaced pictures, alternate lines l~re scanned durlllg successive
vertical defiection cycles. Engstrom" fOlllld that the vertical defieetioll
cycle should be greater than 50 liz and should be a multiple of the power
line frequency. In 1941 the National Television System Committee
(NTSC)4 adopted a vertical deflection frequency of (jO Hz for two-fold
iine-interlaced commercial broadcast systems. Two-fold line interlace
has since been adopted by virtually all television systems, regardless

of the applica.tion.
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An RCA TK-21 earnera ehnin was t.he eore of the eamera end of the
test apparatus. Rix horizontat Rawtooth generators were used t.o ac­
commodate six different sweep rates. These were carefully designed
driven c~irel1it.R whieh provided a sweep linearit.y on the order of ± 1
pcreent of full seale delleetion. Remote-controlled relays were used to
preselect the two sawtooth signal generators. The two sawtooth signals
for driving both camera and monitor sweeps were then applied to an
A-B switch which selected the desired one of the pair.
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Fig. 1 - Simplified block diagrnm of sync gcncrntor and pulse fOfming apparntl\s.

1 ne rn.LIO 01 Lite verLleai HIVlSOI' Lo HOflliOlLl·i:lt U1VP"'Ol Wi ........, ali lilt,t'~~'i

for the noninterlaced pictures. The ral.io of the two divisors was nil
integer plus one-half for the interlaced pieturc,

Fig. 2 illustrates the basic operation of t.he rest of t.he test. apparal.us.

The basic operation and layout of the test apparatus is illust.rated
by block diagrams shown in Figs. 1 and 2.

Fig. 1 illustrates the basic functions of the c~ounting and sync signal
generating appl\ratus. The vertical count.ing and vertic~al ~'YIlC gelleratin~

apparatus was held constant for all picture rates. The vertical sweep
rate was 60 Hz. Two set.'! of horizontal c~ounters were m;ed. The eounl.ers
were programmed to produce the del-lired line rat(~ by opl'ninll; and dosin/!;
appropriate leads with remote l'ont.rolkd rf'lnyl-l. The proport.ion of
the horizontal blankinll; period t.o t.he line pNiod was kept. c'onst·llllt,
for nil rates at A of the line period. The vC'rtic,:t1 hl:mkillg Jlc~riod was
held constnnt at h of the field period.

.:
I



Fig. a-- Low-plLlIll (ilLer: (IL) circuit diagram, (II) dCl:lign .Iatn.

(ireat care WElS taken in the design and constructIon 01 tile !\weep
'inti l\.'\!\ociat.ed ('.In',,it,,; to in!\lIrc Umt line <;pn.cinJ.!: on the pit~k-llp

t.llbe and display tube wa.,; corred in all C:L,;es.
Six low-pa.<;.<; filters were provided for proce!\.,>ing the pieture signals

of the !\ix ditTel'ent sweep rates. The filter!\ were isolated frolll eaeh
oLhcr with buffer amplifiers. The appropriate filLer for each sweep
rate wa.'> selected by remote-controlled relays. Each filter had an ad-

justable attenuator which permitted halaneing for the ditTerence 111

insert.ion losses.
E:wh filter had a ncar Gaussian roil-ofT, had linear ph:L'>e, amI ex-

hibited a preshoot and overshoot in it.<; step re!\ponse.* The preshoot
and overshoot were each 12 percent of the step-!\ignal amplitude. The
cutoff frequency for the filters wa.'I arbitrnrily ~lelected all the - 20-dB
point on their re!\ponse curve. Fig. 3 shows the circuit config;uration
and design data for the filter. t Fig. 4 shows the typical amplitude

• An enr1il'r experiment (unpublished) indicated subjectively thnt this type of
fllll'r ~nve the preferred picture rendition.

t Designed by G. Szentermai of nell Telephone Laboratories, Incorporated.
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filter.

\\he)'(~ !'p is the llllln!ler of lilies ill \,jill picture. Fig. () shows line pmfill's
of the scanning lines perpendicular to the direction of scan for an
interlaced and noninterlaced pieture.

versus frequcncy dmraderis(,jt,s of t.he!\e filters and Fig;, 5 the typjl':d
step response. After adjust.ment of t.he effective vertical resolution bv
applying It T\cll fador of 0.7 and allowing; for O,e ditTerclIce betwo!'!!
vertical and horizolltal blankin~ p('J"iod~, tho ('utotT frequency (. -20 dB)
of the low-pa.",s filters wa." scleet(~d to provide approximately eqllal
horizontal and vertical resolution. 6

Three other funetions were seleded alld switched in much the S:lllll'

matltler. These were spot wobble, line width to linr pitch ratio :UH!

'-'~LInerfL ra.ster (·cIlleri!lJl:. Tl~at'h IJr thr.<,;,;(· (Hn,,{innc- L~ld 71,,-, ;ndiv;dn,,1

balancing controls.
The spot-wobble !\ignul was a 7.1442-Mlh sine WlWO locked to till'

muster dock. The spot-wobble signal wa.s applied to the picture tulw
through an auxiliary yoke. The line bJ'Oadening by the spot-wobbl,'
signal wa.<; Rubjectivcly optimized for and by the experimenter fol'
('ach test picture. In general, the line broadening; was adjusted slll'h
that a minute gap appeared between adjacent line!\,

The linc-width to line-pitch ratio without line broadcning wa.,; :tboll!
O.:{3 for the 225-linc intcrl:wed pidurc. The line-width was mca,sured
at t.he Imlf-Iumin:l.nce level of the line pl'ofile. The line-width to IiI\('­
pitch ratio for the other pictures lIlay be determined by

•
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Fill:. fi - Step response of low-pass filter: (a) inJlut to lilter, (b) output of filter
,Illlslmtillg 12 perccnt preshoot and ovcl1ihoot about step.

whf'Te B j = brightncss at the jllTlCt.ion of adjacent lines, U 1 = maximum
brightne:-;s of line one, and Bz is the maximum brightnoss of line two.

The Talbot-Platcau Lawz says that all observer watehing flashing
lights above the CFF will sen:-;e :m apparelltly cOllsl,ant mean value
of the luminance of t.he lights over the period of the fla.."hes. Equation (2)
is a special case of the Talbot-Plateau Law. The law must be expressed

(3)11'Lm = T 0 L dt,

.~ 1 .... - f_ -~~ J. "~ 41 .._. _4 1~t_.l",--"J ""_.... ~_;""' _ lE"._-..E"_~1 ~:_..".~._"'-_
III Iv..} \,VlI1J/i\.>lJv .1.\/.1. .IIi V\I \.,\J'''' \.1 VII\. ""\1" " .......J ......V\A •• \1 ...... .., '-"'vv\.... y .... 'v\...... ....,...,.

The Talbot-Plateau Law is

(a)

Fig. 6-Expcriment I-profilCll of picturc-t.ulle sClLllnill1l: lincs. (II.) 225-line inter­
laced picture with line width to line-pitch rat.io of 0.33, (IJ) 189-linc noninterlaced
picturc with line-width to line-pitch ratio of 0.28.

where Lm is the mean value of the real 11III1immee taken over one period
or over any time t eo)nprising an intcp;ral number of periods.

Wit.h Rpot-wobbled noninterlaccd pietllrcs thc period between suc­
rC:-;1live cxcitatiollR of the phosphor at the jllndure of adjacent lines
is olle line period. Since the pho1lphor hll.~ 0. finite decay time, it will
still be Illmincs(~ing at the juncture of adjacent Jines when exeited the
second time. ThuR, the luminance generated hy the second excitation
will add to that remaining from the first excitation. The second excita-,

\

I

I
I

(2)

( b)

(a)

B; = 1/4(/J, + R~),

Fi~. 7 shows Iilie profilcs of spot-wobbled 8eatl1lill~ lines perpclldicular
to the direction of scan for an interlaced and noninterlaeed picture.
(The ll.<1ymmetry of the :-;pot profile is dlle to a Rli~ht mi:-;alignment
in the position of the auxiliary yoke.) At the jllndure of adjacent
lines the luminance level of each line was about 25 percent of its max­
imum luminance. Since the period betwecn adjaeent lines for the
interlaced picture is I/GO second the ob:-;erver will sec the :-;um of the
contributions of each line at their jllncture.2 Therefore, in the spot­
wobbled line-interlaced pictures the bright.ness at the juncture of
adjacent lines was about

f ,
t
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(b)

'IiiLINE-INT]O~RLACEn AND NONINTEHLACEn TV PICTURE,';

A-B testing teehnicJlles were employed in which one of the pictures
WIlS always the interlaced picture. The two pictures were presented
in sequential order under the control of the observer.

Once nn A-B pair wa." selected by the experimenter, control of til('
A-R switch was turned over to the observer. The observer switched

III. TEST PRoCEnURE ANn INSTRUCTIONS

cent of the luminance at t.he e(~nter of that linc. For 11 noninterla('f'!
picture with a line-widt.h t.o line-piteh ratio of 1.2 t.he luminance <'Oil

tributed by a line at, t,he juncture of adjacent lines is about. GO percelll
<)f the luminance at the center of that line. Equations (2) and t;{)
are also applicable in these cases.

Switching between t.he A-B pairs wa.<; instant.aneous in so far :IS th,
observer was concerned. Switching between A-B pairs was under till
control of the observ('r. The swit.ehing a('t.ion starteo with thf' !f'1lr!i,';,
edge of the vertical drive pulse and was completed during the verli(':l1
blanking interval so that visible transicnts were minimized.

The test appartus was checked out twice each day to insure tlp,l
all apparatus was operating correctly and aligned properly.

The test room, Fig. 9 wa.<; It specially constructed room which wns
remote from the experimenter's st,ation Audio communication betweell
experimenter and observer was over an intercom. The intercom was
a push-to-talk type which permitted noise (switching, etc.) isolation
between the test. room and experimenter's statioll.

The observer was seated in a comfortable dmir at a distance of about
40 inchE'-s from the screen of the monitor. The pieture size wa." !) inches
by 5 inches for each case.

Fig. 8 - Experiment III-profileR or picture tuhe scanninll: lines with line-widll
to line-pitch ratio or 0.9 where tIll' nVf>rlllp at the jlln('f lire or l1.rljncent lines j" 'j i'
proximately 50 percent.

\

,
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Fill;. 7 - Experiment I -profill'-s of pict.ure tube sCII.nninll; linca with Rpot-wobble.
(II.) 225-line interlaced picture, (b) 189-line noninterlnced picture.

t1fHl £""0 linn n{lr,nrt Info,. of tho Inn/-turn or #"IlOt Onnt lin(\", flPro()rrJln~
l . -- - - ...- _. - - /I • ' ;:.,

t.o the Talbot-Plateau Law, inereased the mean luminance at, the junc­
wre by about 25 percent.

Asymmetrical spot defocus."ing was obtained by placing two electro­
ma~ncts about thn neck of the pitturc tube such that they defocusR~d

the scanning spot perpendicular to the direetion of line scan only.
Another experiment' has shown that the preferred line-width to linc­
pitch ratio for line-interlaced pietures is about 1.7 and for noninterbced
pictures is about 1.2. Fig. 8 shows t.he cITed. of defocus.'ling the scanning
spot perpendicular to the direction of scan for a line-interlaced picture.
When the line-width to line-pitch rat.io is 1.7 the luminance con­
trihutp<l by a line at the juneture of adjacent lines is ahout, R2 pPr-
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Fig. 9 - Tellt room.

hf'tWf'f'1I the two pid.llfes of the A-B pair at will ane! for :l..'l long a,q he
wished until he reached a def'isioll After eadl observer's decision,
t.he experimenter presented to the observer a IIniform J!:ray raster !let
I\(~ar the average luminance level of the pieture dllrinJ!: which time
the experimenter scleeted the next A-B pair. Set-up switehillJ!: time

wrv; about r> seconds.
The oral instructions to cach obscrver were:

"YOII will be shown 32 sets of pietures to (~ompare. Each sct will
consist of 2 pietures. The pictures between sets and wit.hin sets will

be difTerent.
"The A pieture will appear when you depress thiR A button and

the B pil't.ure will appear when you depresR this B hutton. You may
Rwit.ch hack and forth as often :l..'l you wish and for :l..'l long :l..'l you wish.

"Once you have decided which picture you like best, plense announce
your preference over the int.ercom :l..'l A or R"

Erwh of the 2fi ohRervern made a forced choice decision for one of
the two pietureR in each of the 32 pairs. The total observation time
for observers varied from If) minutes to 30 minutes.

,

I
I
J
I

QueRtion and answer sessions were held after each test ses,'lion.
All of the observers detected the subjective picture defect..<; due to
interlacing. Their description of these efTeets was in '.erms of noise.
It appears that their preferences was an expression of their reaction
to the annoying efTects of "noise" in the line-interlaced picture.

IV.•;XI'ElllM~~N'l'AI, DEI:lIGN- EXI'EltlMl!:NT I

The objeetive was to uetermine subjectively IIOw much saving in
bandwidth a line-illterIaceu picture proviues with respect to n. non­
interlaced picture. The most straightforward experimental design wn.s
the Method of Constant ~timuW in which the constant (or reference)
picture wn.s a lille-interlaceu picture which wn.s compareu with several
1I0ninterlaced pictures with difTerent numbers of lines n.nd bandwidths.
fhe nonlllterln.ced pICtures prOVIded II. physicn.1 scale on which a point
of subjective quality (PSE) could be estimateu for the interlaced
picture.

A 225-line picture was selecteu as the reference interlaced picture.
This picture (n.s well as the noninterln.ced pictures) was displayed on
a I) inch X 5 inch raster. At this picture height anu n. viewing distn.nce
of 40 inches, the 225-line interlaced picture hau an angular subtense
between adjacent lines of 2.2 minutes of arc (see Table I). Four non­
interlaced pictures were used starting with a 225-line picture and
decreasing in steps with ratios of V2 to a 135-line picture, Fig. 10.

Two levels of noise were introduced 11."1 test varin.bles. The firnt or
zero level was that introduced by the test apparatus. Most of this
noise, just above threshold, was contributcu by the vidicon camera.
The seconu or audeu noise hau a Gaussian dist.ribution. The peak-to-

TABLE I-SOME PARAMETERS OF EXPERIMENTAL

ApPARATUS (EXPERIMENT I)
------~--~--"".- -

Vi.ible AII..,ul..r
Vi.ible picture aub....,U18

Line- lIorilontal lland- Picture picture ele- between
Number intcr- ..weep width elemental elemental mental twu linea
of linea lace r...... (l1a) (Mill) frame frame line M40"
------------- -------- ----- ---_._~----

225 Yes U7!i0 (Uiir, as ,a:l:J 2S,:Juu 142 2.2'
---- ---- ----- ------- _._----- ----- --------

22!i No 1:l,5(){) I. 154 :.IS,4(iti 2S,:\uu 142 2.2'
------- -------- ------- ----

ISH No II,:HO O.HI2 27,Otili 20,O:W Il!I 2.5'
---- - --------- ... _--- ------

Hi2 No 9720 0.!i7.'i 1H,J(ju 14 ,IS:l 102 2. I)'
---- -------

135 No 8100 0.41:.1 I:l,7uu IO,18G 85 3.4'
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TABLE II - EXPERI:.fE:\T I: FREQl:E:\CY OF' PREFERE:\CE FOR XO:\IXTER .ACED PICTURES OVER 225-LI:\E

IXTERLACED PICTL'RE FOR THE VARIOl:S COXDITIOXS~F THE TEST
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200

199

SW = no Sj tOt-wobble
SW = spot- wobble

7 = illunlnation of 25 fc (275 lm/ml )

I = iIIun ination of 50 fc (550 lm/ml )

'Ii = System noise
(135 lines l1oninter1aced = 31.4 dB

l162 lines noninterlaced = 30.0 dB
N = Signal/noise- 189 lines noninterlaced = 28.6 dB

225 lines noninterlaced = 2i.0 dB
225 lines interlaced = 30.0 dB

.~dditional

I x-,:, W-l S-,sW-l,,"ariables
--

Xumber of
test sets 25 25
--- ---
135

~umber
!

of lines I 162 i 10 14
(non-

interlaced) I 189 i 23 20

I
---

??- ,,- 25
__;)

_;)

I _ --~-----,-- I _ I _ I - I ~.':rm..if-
.\"-,s1l-1 -,"-,slr-}: s-,sn--I I S- IV-I , S-SIV-I ! X-SW-T variablea
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I 3 ! 1 1 I 1 3 I 2 13____________ ---:---- 1- __ . ~
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v. ~;XI'F:HIM~;NT I-HJo':l"UJ:I'K ANII CONCJ,lJSIONR

Tahle I r list.R t.he f('l'quelwy of preferClH'e for the IIOllinterl:wed
piet.ures ov{'r the 22;)-lill<l illt.el-!ael'cl pict.ure fOl' the variableI' I'mployed
in t.his experiment.

In the tables and Ute t.ext., the reSpOllRe clat.a is generally relat.ed
in terms of t.hf' Humber of nOllint.c'rllwnd lillPH, where:\.."1 the ohjeet.ivc
is to cletermine the lmndwid1.h savings of int.f'r1:wf'd piet.\lrcs over non­
interlaced pidures. ITowcvf'r, 011 the data ~raphs t.he ordinate of t.he
(·\Irve." i." expI'C's,<;ec! in f,nrJns of thl' Ilumber of noninterlaced lines, Ln,
nllcl the banclwidth illlprovl'lll('nt, rat.io wit.h lille-int.erlaee, lJi. The
rl'fl'rclH'C' fOl' t.he handwidt,h improvl'ment fad.or is a hypothetiel1l
15O-line noninter'laeed pil'!.lII'e wit.h a b:U1dwiclt.h of 57fl I\Ih. The
number of noninterlaeed lineR, Ln, may he converted to bandwidth

';;};;; ~';0rc tbd: !'"!"Lr,,nmf\rl !,:In,"Is(>s 1I.Ild the other wa."
brtllIPU(> with dark complexion. During the t.el't, t.he models pantomimed
what mi~ht be considered a face-to-face eonvcl":'lat,ion. Subjeetive line­
pairing. not invest.i~n.ted in this eXJleriment, WI..."1 minimized by instruct­
Ifl},! "}If~ j-'i'-'ttIGl~ no:, tn iil:tkc rn.pid nH~V!~HH~Tlt~ n.· nlovenlcnt.'i which
WPI'C' pC'l'pC'IHlic'lIlar to the sC~:U\llill~ liIH'I'. The observers were partially
illllllohilized ill t.he I'ame scnse hy J'(~qllil'ing t1H'1lI to oJlemt.l~ t.he A-B
swikh who:-;e po."Iit.ion WI\..'I lixC'd. Thp oh:-;ervcrs were not eaut.ioned
:IS to tlH'ir 1l1Ovc~rnent.s ot.herwisp. Fi~. 10 shows t.lm brunette model
for t.he fOllr nonint.erl:wed pil·t.mes. Fig. II showH t.he blonde model
for the fOllr noninterltwcd pic·I.lIfes wit.h I'pot.-wobble. The 225-line
in t<'flaeec I pidllfe is not shown sillc'e phot.o~r:tphi('nlly it, would appear
till' samp n.s the 22;l-line nonint.erlac·ed pic~tllre.

The order III whic~h the IliI.C'I'II\('eO PW\.IIJ'(' :lflll IolI\' ll\)llWloCi ;",t;u
piduf('s app<'ared in the A-H positions on t,he bllU.ons wa."I det.ermined
hy :l. random nlllnbllr table,

Each observer saw 32 A-B pail'l'l whC'm elwh pail' c:onsisted of t.he
intcrlaeed pidure and one of thl' 4 nOllint.PrhwPd pidmes. When used,
1he nddi I.jonal variahles noiHC', spot.-wobhll'. illumination and c'om­
binationil t.hereof wpre acldc'd t.o bot.h pidureH of the A-B pail'. The
orclC'r of prl'sl'nt.at.ion of t.he noise :md Rpot-wohhle vnriablcs was also
rallflolllizC'd with I'andoll) nllmber t.abll's. The level of illlllllino.tion
Wfl.S set. at one vallie durin~ the first half of each session and set at
Ihe onwr value during t.he sec:ond half of ell.eh session. Successive
observers I't.artcd their test seRRion wit.h alternnte lcvels of illumination.

Seven of the skilled obRervel":'l and six of the nonskilled observers
snw OlP blonde model and six of each saw the brunette model.

I

I
I

189 LINES

135 LINES

,.. ~~.u::.. _~ ..~. ;~': ...... _,,", .

225 LINES

162 LINES

Fig. 11 - Photogmphs of lIollilltcrlacl'd pietufl's with spot-wolJhll'.
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·:i

The ehan~e III iumlll:l.nce IS clue lA) I.ne eilUn~e ill I,illl a'"l1'''':' vf
rnllcet.C'd light from t.he safet.y 1l:1n.",,, wit.h a dmn!-w in the illumin:l.t.ion.
Suhsequent. mPI..."uremcnts of the low-light luminancp indicated t.he
20 fL (ill ('d/1I12

) nll':"'''Il1rpmpnt is probably in PITCH' on t.he high siele.
Spot-wohbh· wa.,; introduced at t.he pl(~tum tube :\,.<; another variable.

i"i~. II illustrates t he cITed of Rpol.-wohblc 011 the rc'eeived picture.
Two typc's of observers, skilled and nonskilled, were lIsed ill the t.est.

Skilled ohservers were considerecl those who work in t.he television
clll~inepl"illg field. Nonskilled observers were eonsidered those whose
ollly prim cxp('fience WIIS home viewing of their commercial rec~eivcrs.

Thirteell skilled and twelve nonskilled observers were used.
Two young women were used a.<; models. One wa.'I blonde with fair

:!14 THE DELL HYS'rlo;M TECHNICAL JOUIlNAL. JANlJAllY 11107
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EXPERIMENT I
PSE =164

17=21

SEP = 4.1

\.

10

20

30'-

SO

/'

70
1

('l\) t

90

g~ .-

99·-

gg II I l
067

improvement. rat.io with line-interhwe, Ui, hy

. {,n'
R1 = 1W"

The frequency of preference data listed in Table 11 WI\." converted
to pereentiles. On the hypothesis that t,he percentile score was cumula­
tive normal a maximum likelihood prohitR

rc~reHsion line wa."! eomputcll
for each set of data. A x' test was performed on c:wh of the rCjl;ression
lines. RilH'e none of the x' values eXl'eeded the vallie of 1.lw nlllllhcr of
dl'l!:rees of freedom less one, there appears 1.0 he no conflid wil.h '.he
hypothesis that the data is (~umlliativc normal.

The probit regression line and the original nat.a point.s arc ploiLed
.H~ ~;;"t~H Oi. i:ln..- ,.,£,1.1 ,1 ~ ... .,.;.,L~:~· II r,.....,Hn~!·;~.H" ;'~(£)rTn"1i(),, 1.-: 1i~t,f'd

in tahlliar form on each graph, (i) t.Iw point of sllhjedive eqllalit.y
(PSE) in terms of number of noninterl:w('(l lines, (ii) the st.andard
deviation of the dist.ribution, (J, and (ii1:) the st.andard l'rror of I.he
PSE, SEP.t

The met.hod of the standard error of the differeneeo wa."! used in
iletermining the signifirancl' of n differelwe bet.ween two IlfjE's in the
following manner. The standnrd error of the difference bel,ween two
independl'nt, random variables, is equal to the square root of t.he SIIIll

of t.hl'ir varial\res. Therefore, a.<;suming independell(:e,

UPIlK = v'SEP~ -+ 81£1'; , (0)

where UI'IlF. is the standard error of the difference betwl'en l'8E's and
SEl" is the varianee of the PSE's. The x' test indicated no I'onflict
with the hypol,hesis that the PSE's arc from a normn.l diKtrihution,
t.hus the distribution of the difference between the distribuI,ions of
the curves from which the I>SE's will be drawn is normal.

The test for signifieance Wl\.<; made in t.erms of 7' whi('h is t.hc diffl'renl'e
hetwccn t.he PSE's expreR.'led in terms of UI'Il~; 1l,.'1

Adopt.ing a null hypothesis that I,he two PSE's helong 10 the same
parent distribut.ion, we may set our confidenee limits at a probabilily
level of 0.05. Thus, a. value of t.he normal deviat.e '1' of 1.96 or greater
will indieate a significant difference between two I~E's.

• When dl\t.1\ points are millsinll: from t.he dl\ta plo!.s UH'y represent a l.cro or 100
percentile score, which is 1101. visible on the II:fI\phs.

t Each of l,hese value8 are weill:hted beRt estillllL!.ell. Finney, Ref. H, lI:ives an excel­
lent dl'scription of the statis!.ieal technique8 URe(1 in arriving at these values.

']' = ! PSE, - PSE. I.
(J1'8P:

(7)

Fig. 12 - Experiment I-the preference for noninterlaced pictures over a 225-line
int.erlaced picture snmmed over all additional variables.

The preference JJereentile scores for the four noninterlaced pictures
Ov('r the interhwetl picture Slimmed over all additional varinbles is
plotted in Fi~. 12. The PSE of the 225-line interlt\ced picture with
respect to the noninterlaced picture is approximately a IG4-line picture
(Ill, = 1.00) with a st.andard deviation of about 21 lines and a SEP
of 4.1 lincs.

Significa.nt first-order interactions between t.he additional variables
was fOllnd only between the spot-wobble and added noise variables.
This interaction is illustmted in Fig. 13 where curves of the preference
pereentile scores versus number of noninterlaced lines for spot-wobble
without added noise summed over t.he other variables a.nd spot-wobble
wit.h added noise Slimmed over the other variables is plotted. The PSE
for spot-wobble without added noise is a 1.57-line picture (Bi = 0.98)
whereas for spot-wobble with added noise the I>sE is a 167-line picture
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011 I i I I I I I
02

EXPERIMENT I

lJ---tl. SPOT-WOBBLE I 0- - -<> SPOT WOBBLEI
WITHOUT NOISE WITH NOISE

PSE='51 I PSE=-161 I
11='91 IT=-;>6
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Ln
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001 [ I I I I I I

I EXPERIMENT I0.05 -
I

f b) £>---<>.fd) 0-0 I

A T-sf'orc of IA for (~:L"e I verslls (:IL"l(! 2 iIHli(~at.('s t.hal. I-lpot-wobblin~

of t.he sf'annin~ beam docs not iliJ/:nili(:anf.!y cITed the result.s. Also the

iVohhlf'. Till' l'f'slllt.s am it.f'tnlwd below:

1 = 2.6'I1PSE = 3.63

,,,,,,,,,,,
0'

I
i

2

5'-

10'-

30

20

p ~n

T = '.4

T =0.13

WlTHOUT
SPOT-WOBBLE

PSI' =- 166

" = 20
SEP =5.6

WITHOUT
NOISE

PSI' =- 151
" = 20

SEP = 2.5

"PSE =~.69

"PSE = 7.51

l
NOISE OR

SPOT-WOBBLE

PSI' =- 165
11 = '7

SEP =~ I
---------

(d) Vs (11)

(a) Vs (e)
~

~

10 .--

95'-

99

10'-

50

90

20',-

.10

60'-

99.9 I 1 I I I I ), , I I

0.67 0.69 1.14 1.43 1.14 2.10

BL

p

Fig. 14 - EXJlcrimcllt I-tho pre£erClI('e £or Tlollint.erII\CN! Jlicturt·s over a 225-line
in\t'rlllccl! pil'lure: (1\) 8ummel! over nlllldditiona! variables except I\ddcd Tloise and
~I'0t-wohhle, (h) spot.-wohhled pictllre-tuhe 8ClUlIlillj!; hellm, Slimmed over nil n.ddi­
tUlIIlI1 vllriahl('s ('x('('llt. 'lOist', mid (c) IIdll('11 !l"isl' SIUlIlIWll ov('r nll lllltlit.imllLl vnri­
llhlt's t'XI't'pt. spnt~wo ,hie.
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Fig. 13 - Experiment I-the preference Cor nOllilllerllLe{~d picLllrt!s over a ~~f.-lilll!
interll\ced pidnre with spot-wobhled pict.ure-tube SCl\lIl1illJ/; bealll: (1\) wit.hout
I\dded 1I0ise, 1\1111 (I» with mlded 1I0ise. (l:lummed ovcr llll I\dditioJlI\1 Vllriables.)

(Hi = 1.10). A 1'-score of :U.il ilHlicates there is a I-iignilicant illteradioll
between noise and spot-wobble.

The first-order interlwtion between spot-wobble amI noise precludes
a check on the main e/Teds of these two variables Slimmed over the
other. Therefore, the intcrael.ing variable mllst, be eliminated in the
analysis of their main e/Teets. Fig. 14 shows the preference perccnt.ilc
score of the noninterlaced pidllres over the interlaced pidure for
threc eases, (i) Slimmed over all 1t<lditiOlml variables exeept spot-wobble
:llId added noise, (ii) spot-wobbled sl':umin~ beam SlIlllmed over all
additiollal variabll's except added noise (11.1:--«) shown in Fi~. l;~). a1\(1
(iii) added noise slimllled over all additional variables except spot-


